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(57) ABSTRACT 

A synthetic method is provided, wherein the method com 
prises stereoselectively reducing a ketone of a morphinone to 
form a reduced morphinone and optionally covalently attach 
ing a water soluble polymer to the reduced morphinone. 

19 Claims, 1 Drawing Sheet 
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STEREOSELECTIVE REDUCTION OFA 
MORPHINONE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a 35 USC S371 application of Interna 
tional Application No. PCT/US2007/009761 filed Apr. 19, 
2007, designating the United States, which claims priority to 
U.S. Application No. 60/745,336 filed Apr. 21, 2006, both of 
which are hereby incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

One or more embodiments of the present invention relate 
to, among other things, chemical synthetic methods. In addi 
tion, the invention relates to (among other things) conjugates 
of a water-soluble polymer and active agent, compositions 
comprising the same, and methods of administering a conju 
gate. 

BACKGROUND OF THE INVENTION 

Conceptually, PEGylation has been described as the 
attachment of a poly(ethylene glycol) derivative to a pharma 
cologically active agent to thereby form a "conjugate. In 
practice, a polymeric reagent (which is a water-soluble poly 
mer bearing a reactive functional group or an “activated 
functional group) is typically reacted with an active agent of 
interest in order to attach or link the water-soluble polymer 
(either directly or through a linking moiety) to the active 
agent through a covalent bond. As compared to the active 
agent lacking attachment of the water-soluble polymer, the 
conjugate may possess an extended half-life in vivo, 
decreased immunogenicity, increased hydrophilic character, 
or some combination of the foregoing. Harris et al. have 
provided a review of the effects of PEGylation on pharma 
ceuticals. Harris et al. (2003) Nat. Rev. Drug Discov. 2(3): 
214-221. 

Several examples of PEGylated active agents available 
commercially include PEGASYS(R) PEGylated interferon 
alpha-2a (Hoffmann-La Roche, Nutley, N.J.), PEG-IN 
TRONR PEGylated interferon alpha-2b (Schering Corp., 
Kennilworth, N.J.), NEULASTATMPEG-filgrastim (Amgen 
Inc., Thousand Oaks, Calif.), and MACUGENR PEGylated 
aptamer (Pfizer Inc., New York, N.Y.). Although each of the 
active agents in each of these examples is a "large molecule.” 
Small molecules Such as distearoylphosphatidylethanolamine 
(Zalipsky (1993) Bioconjug. Chem. 4(4):296-299) and fluo 
rouracil (Ouchi et al. (1992) Drug Des. Discov. 2(1):93-105) 
have also been PEGylated. Thus, many types of molecules 
can potentially benefit from PEGylation. 

While the general benefits of PEGylation are known, 
attaching a poly(ethylene glycol) derivative to an active agent 
is often challenging and may not always be possible. For 
example, difficulties can be encountered when the active 
agent of interest does not include a chemical functional group 
suitable for reaction with a polymeric reagent. Further, to the 
extent that a suitable chemical functional group is present on 
the active agent of interest, the resulting conjugate may be 
insufficiently pharmacologically active as a result of the 
attached polymer interfering with, for example, a binding site 
necessary for activity of the active agent. 

U.S. Patent Application Publication No. 2005/0136.031 
describes, among other things, a conjugate of poly(ethylene 
glycol) and a narcotic antagonist. In order to effect conjuga 
tion at the desired location, however, several steps must be 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
taken. As described in this reference, the 6-keto group of 
3-MEM-naloxone (a 3-hydroxy-protected naloxone) is 
reduced with sodium borohydride (NaBH) to forman C- and 
B-epimer mixture of 6-hydroxy-3-MEM-naloxol. A poly 
meric reagent is thereafter covalently attached at the available 
hydroxyl group to thereby forman C- and B-epimer mixture 
of 6-polymer-3-MEM-naloxol. Once the protecting group is 
removed, C- and B-epimers are separated and isolated using 
an appropriate column. Separation and isolation of epimers is 
desired because, as shown in U.S. Patent Application Publi 
cation No. 2005/013.6031, individual isomers of 6-polymer 
3-MEM-naloxol have different properties. 

Stereoselective reduction of naltrexone to O-maltrexol 
using tri-sec-butylborohydride has been described by Mal 
speis et al. Malspeis et al. (1975) Res. Commum. Chem. 
Pathol. Pharmacol. 12(1):43-65. Malspeis et al., however, 
does not describe stereoselective reduction of compounds 
other than naltrexone. 

Although the approach for preparing compositions com 
prising substantially pure isomers of 6-polymer-3-MEM 
naloxol described in U.S. Patent Application Publication No. 
2005/013.6031 is effective, an approach that requires fewer 
steps—such as eliminating the need to separate and isolate 
individual epimers—would be advantageous. Thus, one or 
more embodiments of the present invention provide, among 
other things, a synthetic method that eliminates the need to 
separate and isolate individual epimers of conjugates of poly 
(ethylene glycol) and a narcotic antagonist. 

SUMMARY OF THE INVENTION 

Accordingly, a synthetic method is provided, the synthetic 
method comprising Stereoselectively reducing a ketone of a 
morphinone to form a reduced morphinone, and optionally, 
covalently attaching a water-soluble polymer to the reduced 
morphinone. Broadly, a morphinone is a phenanthrene-based 
moiety that (a) comprises the following structure: 

Formula I 
R3 

A 
N 

RI-O Š 
yi 

wherein: 
R" is H, an organic radical, or a hydroxyl protecting group; 
R’ is H or OH: 
R is Horan organic radical; 
R" is Horan organic radical; 
the dotted line (“ - - - ) represents an optional double bond; 
Y' is O or S; and 
R is selected from the group consisting of 

O H OH H OR6 

-- - Y - and - Y - 
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(without regard to stereochemistry), wherein R is an organic 
radical; and 

(b) contains a ketone either pursuant to the structure 
defined for the phenanthrene-based moiety provided in (a), 
i.e., Formula I, or by replacement of atom in the phenan 
threne-based moiety provided in (a) i.e., Formula I, for a 
ketone. For certain morphinones, the synthetic method of the 
invention includes the step of covalently attaching a water 
soluble polymer to the reduced morphinone. 

In one or more embodiments of the invention, a composi 
tion is provided, the composition comprising a mixture of 
C-epimers and B-epimers of a reduced morphinone, wherein 
the ratio of C-epimers and B-epimers is at least 60 to 40. 

In one or more embodiments of the invention, a synthetic 
method is provided, the method comprising: 

Selectively reducing a ketone of a morphinone to form a 
reduced morphinone, wherein the morphinone comprises the 
following structure 

Formula II 

Yl 

wherein: 
R" is H, an organic radical, or a hydroxyl protecting group; 
R’ is H or OH: 
R is Horan organic radical; 
R is Horan organic radical; 
the dotted line (“ - - - ) represents an optional double bond; 

and 
Y' is O or S; and 
covalently attaching a water-soluble polymer to the 

reduced morphinone. 
In one or more embodiments of the invention, a composi 

tion is provided, the composition comprising conjugates pre 
pared by a synthetic method provided herein. 

In one or more embodiments of the invention, a composi 
tion is provided, the composition comprising a conjugate as 
described herein in combination with a pharmaceutical 
excipient. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an "H NMR spectrum of C-6-OH-3-MEM-O- 
Naloxol in CDC1. 

DETAILED DESCRIPTION OF THE INVENTION 

Before describing one or more embodiments of the present 
invention in detail, it is to be understood that this invention is 
not limited to the particular polymers, synthetic techniques, 
and the like, as Such may vary. 

It must be noted that, as used in this specification and the 
intended claims, the singular forms “a” “an,” and “the 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to “a polymer 
includes a single polymeras well as two or more of the same 
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4 
or different polymers, reference to “an optional excipient’ 
refers to a single optional excipient as well as two or more of 
the same or different optional excipients, and the like. 

In describing and claiming one or more embodiments of 
the present invention, the following terminology will be used 
in accordance with the definitions described below. 

“PEG.,” “polyethylene glycol and “poly(ethylene glycol) 
as used herein, are interchangeable and meant to encompass 
any nonpeptidic water-soluble poly(ethylene oxide). Typi 
cally, PEGs for use inaccordance with the invention comprise 
the following structure"—(OCHCH), where (n) is 2 to 
4000. As used herein, PEG also includes “ CHCH O 
(CH2CH2O), CHCH and “ (OCH2CH), O— 
depending upon whether or not the terminal oxygens have 
been displaced. Throughout the specification and claims, it 
should be remembered that the term "PEG' includes struc 
tures having various terminal or “end capping groups and so 
forth. The term “PEG” also means a polymer that contains a 
majority, that is to say, greater than 50%, of —OCH2CH2— 
repeating subunits. With respect to specific forms, the PEG 
can take any number of a variety of molecular weights, as well 
as structures or geometries such as “branched.” “linear.” 
"forked,” “multifunctional and the like, to be described in 
greater detail below. 
The terms "end-capped' and “terminally capped' are inter 

changeably used herein to refer to a terminal or endpoint of a 
polymer having an end-capping moiety. Typically, although 
not necessarily, the end-capping moiety comprises a hydroxy 
or Coalkoxy group, more preferably a Coalkoxy group. 
and still more preferably a Cisalkoxy group. Thus, examples 
of end-capping moieties include alkoxy (e.g., methoxy, 
ethoxy and benzyloxy), as well as aryl, heteroaryl, cyclo, 
heterocyclo, and the like. It must be remembered that the 
end-capping moiety may include one or more atoms of the 
terminal monomer in the polymer e.g., the end-capping moi 
ety “methoxy' in CH O—(CHCHO), and CH 
(OCH2CH2), . In addition, Saturated, unsaturated, Substi 
tuted and unsubstituted forms of each of the foregoing are 
envisioned. Moreover, the end-capping group can also be a 
silane. The end-capping group can also advantageously com 
prise a detectable label. When the polymer has an end-cap 
ping group comprising a detectable label, the amount or loca 
tion of the polymer and/or the moiety (e.g., active agent) to 
which the polymer is coupled can be determined by using a 
suitable detector. Such labels include, without limitation, 
fluorescers, chemiluminescers, moieties used in enzyme 
labeling, calorimetric (e.g., dyes), metal ions, radioactive 
moieties, and the like. Suitable detectors include photom 
eters, films, spectrometers, and the like. The end-capping 
group can also advantageously comprise a phospholipid. 
When the polymer has an end-capping group comprising a 
phospholipid, unique properties are imparted to the polymer 
and the resulting conjugate. Exemplary phospholipids 
include, without limitation, those selected from the class of 
phospholipids called phosphatidylcholines. Specific phos 
pholipids include, without limitation, those selected from the 
group consisting of dilauroylphosphatidylcholine, dioley 
lphosphatidylcholine, dipalmitoylphosphatidylcholine, dis 
teroylphosphatidylcholine, behenoylphosphatidylcholine, 
arachidoylphosphatidylcholine, and lecithin. 

“Non-naturally occurring with respect to a polymer as 
described herein, means a polymer that in its entirety is not 
found in nature. A non-naturally occurring polymer of the 
invention may, however, contain one or more monomers or 
segments of monomers that are naturally occurring, so longas 
the overall polymer structure is not found in nature. 
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The term “water soluble' as in a “water-soluble polymer 
is any polymer that is soluble in water at room temperature. 
Typically, a water-soluble polymer will transmit at least about 
75%, more preferably at least about 95%, of light transmitted 
by the same solution after filtering. On a weight basis, a 5 
water-soluble polymer will preferably be at least about 35% 
(by weight) soluble in water, more preferably at least about 
50% (by weight) soluble in water, still more preferably about 
70% (by weight) soluble in water, and still more preferably 
about 85% (by weight) soluble in water. It is most preferred, 
however, that the water-soluble polymer is about 95% (by 
weight) soluble in water or completely soluble in water. 

Molecular weight in the context of a water-soluble polymer 
of the invention, such as PEG, can be expressed as either a 
number average molecular weight or a weight average 
molecular weight. Unless otherwise indicated, all references 
to molecular weight herein refer to the weight average 
molecular weight. Both molecular weight determinations, 
number average and weight average, can be measured using 20 
gel permeation chromatography or other liquid chromatogra 
phy techniques. Other methods for measuring molecular 
weight values can also be used, such as the use of end-group 
analysis or the measurement of colligative properties (e.g., 
freezing-point depression, boiling-point elevation, or 25 
osmotic pressure) to determine number average molecular 
weight or the use of light scattering techniques, ultracentrifu 
gation or viscometry to determine weight average molecular 
weight. The polymers of the invention typically possess low 
polydispersity values, preferably less than about 1.2, more 30 
preferably less than about 1.15, still more preferably less than 
about 1.10, yet still more preferably less than about 1.05, and 
most preferably less than about 1.03. 
The term “active' or “activated when used in conjunction 

with a particular functional group, refers to a reactive func- 35 
tional group that reacts readily with an electrophile or a 
nucleophile on another molecule. This is in contrast to those 
groups that require strong catalysts or highly impractical 
reaction conditions in order to react (i.e., a “non-reactive' or 
“inert' group). 40 
As used herein, the term “functional group' or any syn 

onym thereof is meant to encompass protected forms thereof 
as well as unprotected forms. The terms “protected,” “pro 
tecting group' and “protective group' refer to the presence of 
a moiety (i.e., the protecting group) that prevents or blocks 45 
reaction of a particular chemically reactive functional group 
in a molecule under certain reaction conditions. The protect 
ing group will vary depending upon the type of chemically 
reactive group being protected as well as the reaction condi 
tions to be employed and the presence of additional reactive 50 
or protecting groups in the molecule, ifany. Protecting groups 
known in the art can be found in Greene, T.W., et al., PROTEC 
TIVE GROUPS IN ORGANIC SYNTHESIS, 3rd ed., John Wiley & Sons, 
Inc., New York, N.Y. (1999). 
The terms “spacer moiety.” “linkage' or “linker are used 55 

herein to refer to an atom or a collection of atoms optionally 
used to link interconnecting moieties. The spacer moiety may 
be hydrolytically stable or may include a physiologically 
hydrolyzable or enzymatically degradable linkage. 

Alkyl refers to a hydrocarbon chain, typically ranging 60 
from about 1 to 15 atoms in length. Such hydrocarbon chains 
are preferably but not necessarily Saturated and may be 
branched or straight chain, althoughtypically straight chain is 
preferred. Exemplary alkyl groups include methyl, ethyl, pro 
pyl, butyl, pentyl, 1-methylbutyl, 1-ethylpropyl, 3-methyl- 65 
pentyl, and the like. As used herein, “alkyl includes “lower 
alkyl”, “cycloalkyl, and “cycloalkylene'. 

10 

15 

6 
“Lower alkyl refers to an alkyl group containing from 1 to 

6 carbon atoms, and may be straight chain or branched, as 
exemplified by methyl, ethyl, n-butyl, i-butyl, and t-butyl. 

“Cycloalkyl refers to a saturated or unsaturated cyclic 
hydrocarbon chain, including bridged, fused, or spiro cyclic 
compounds, preferably made up of 3 to about 12 carbon 
atoms, more preferably 3 to about 8 carbon atoms. 
“Cycloalkylene' refers to a cycloalkyl group that is inserted 
into an alkyl chain by bonding of the chain at any two carbons 
in the cyclic ring system. 

“Alkoxy' refers to an —O—R group, wherein R is alkyl or 
Substituted alkyl, preferably Calkyl (e.g., methoxy, ethoxy, 
propyloxy, and so forth). 
The term “substituted as in, for example, “substituted 

alkyl refers to a moiety (e.g., an alkyl group) Substituted 
with one or more noninterfering Substituents, such as, but not 
limited to: alkyl, Css cycloalkyl, e.g., cyclopropyl, cyclobu 
tyl, and the like; halo, e.g., fluoro, chloro, bromo, and iodo; 
cyano; alkoxy, lower phenyl; Substituted phenyl; and the like. 
“Substituted aryl' is aryl having one or more noninterfering 
groups as a Substituent. For Substitutions on a phenyl ring, the 
Substituents may be in any orientation (i.e., ortho, meta, or 
para). 

“Noninterfering substituents' are those groups that, when 
present in a molecule, are typically nonreactive with other 
functional groups contained within the molecule. 

"Aryl means one or more aromatic rings, each of 5 or 6 
core carbonatoms. Aryl includes multiple aryl rings that may 
be fused, as in naphthyl or unfused, as in biphenyl. Aryl rings 
may also be fused or unfused with one or more cyclic hydro 
carbon, heteroaryl, or heterocyclic rings. As used herein, 
“aryl” includes "heteroaryl”. 

“Heteroaryl' is an aryl group containing from one to four 
heteroatoms, preferably Sulfur, oxygen, or nitrogen, or a com 
bination thereof. Heteroaryl rings may also be fused with one 
or more cyclic hydrocarbon, heterocyclic, aryl, or heteroaryl 
rings. 

“Heterocycle' or "heterocyclic' means one or more rings 
of 5-12 atoms, preferably 5-7 atoms, with or without unsat 
uration or aromatic character and having at least one ring 
atom that is not a carbon. Preferred heteroatoms include 
Sulfur, oxygen, and nitrogen. 

“Substituted heteroaryl is heteroaryl having one or more 
noninterfering groups as Substituents. 

“Substituted heterocycle” is a heterocycle having one or 
more side chains formed from noninterfering Substituents. 
An “organic radical” as used herein shall include alkyl, 

substituted alkyl, aryland substituted aryl. 
“Electrophile' and “electrophilic group' refer to an ion or 

atom or collection of atoms, that may be ionic, having an 
electrophilic center, i.e., a center that is electron seeking, 
capable of reacting with a nucleophile. 

“Nucleophile' and “nucleophilic group' refers to an ion or 
atom or collection of atoms that may be ionic having a nucleo 
philic center, i.e., a center that is seeking an electrophilic 
center or with an electrophile. 
A “hydrolyzable' or “degradable’ bond is a bond that 

reacts with water (i.e., is hydrolyzed) under physiological 
conditions. The tendency of a bond to hydrolyze in water will 
depend not only on the general type of linkage connecting two 
atoms but also on the Substituents attached to these atoms. 
Appropriate hydrolytically unstable or weak linkages include 
but are not limited to carboxylate ester, phosphate ester, anhy 
drides, acetals, ketals, acyloxyalkyl ether, imines, orthoe 
sters, peptides and oligonucleotides. 
An "enzymatically degradable linkage” means a linkage 

that is Subject to degradation by one or more enzymes. 
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A“hydrolytically stable' linkage or bond refers to a chemi 
cal bond, typically a covalent bond, that is substantially stable 
in water, that is to say, does not undergo hydrolysis under 
physiological conditions to any appreciable extent over an 
extended period of time. Examples of hydrolytically stable 5 
linkages include, but are not limited to, the following: carbon 
carbon bonds (e.g., in aliphatic chains), ethers, amides, ure 
thanes, and the like. Generally, a hydrolytically stable linkage 
is one that exhibits a rate of hydrolysis of less than about 1-2% 
per day under physiological conditions. Hydrolysis rates of 
representative chemical bonds can be found in most standard 
chemistry textbooks. 

10 

“Pharmaceutically acceptable excipient or carrier” refers 
to an excipient that may optionally be included in the com- 15 
positions of the invention and that causes no significant 
adverse toxicological effects to the patient. “Pharmacologi 
cally effective amount,” “physiologically effective amount.” 
and “therapeutically effective amount are used interchange 
ably herein to mean the amount of a conjugate that is needed 
to provide a desired level of the conjugate in the bloodstream 
or in the target tissue. The precise amount will depend upon 
numerous factors, e.g., the conjugate, the components and 
physical characteristics of the therapeutic composition, 
intended patient population, individual patient consider 
ations, and the like, and can readily be determined by one 
skilled in the art, based upon the information provided herein. 

25 

“Multi-functional” means a polymer having three or more 
functional groups contained therein, where the functional 
groups may be the same or different. Exemplary ranges for 
number of functional groups for a multi-functional polymer 
include: 3-100 functional groups; 3-50 functional groups: 
3-25 functional groups; 3-15 functional groups; 3 to 10 func 
tional groups. Typically, the number of functional groups for 
a multi-functional polymer is one of 3, 4, 5, 6, 7, 8, 9 or 10 
functional groups. 

30 

35 

The term "patient, refers to a living organism Suffering 
from or prone to a condition that can be prevented or treated 
by administration of an active agent (e.g., conjugate), and 
includes both humans and animals. 

40 

"Optional' or “optionally’ means that the subsequently 
described circumstance may or may not occur, so that the 
description includes instances where the circumstance occurs 
and instances where it does not. 

45 

“Substantially' (unless specifically defined for a particular 
context elsewhere or the context clearly dictates otherwise) 
means nearly totally or completely, for instance, satisfying 
one or more of the following: greater than 50%, 51% or 
greater, 75% or greater, 80% or greater, 90% or greater, and 
95% or greater of the condition. 

50 

The phrase “ratio of C-epimers and B-epimers is at least' 
means that C.-epimers are present in the stated ratio or in an 
amount greater than the stated ratio. For example, if the “ratio 
of C-epimers and B-epimers is at least 60 to 40 then there are 
6 C-epimers for every 4-epimers or more than 6 C-epimers 
for every 4 f-epimers (e.g., 70 C-epimers for every 30 
B-epimers). 

55 

60 

Unless the context clearly dictates otherwise, when the 
term “about precedes a numerical value, the numerical value 
is understood to meant 10% of the stated numerical value. 

Turning to one or more embodiments of the invention, a 
synthetic method is provided, the synthetic method compris 
ing Stereoselectively reducing a ketone of a morphinone to 

65 
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form a reduced morphinone. The morphinone is a phenan 
threne-based moiety that (a) comprises the following struc 
ture: 

Formula I 

RI-O 
S 
s 
s 

s 
X 
s 
s 

wherein: 
R" is H, an organic radical, or a hydroxyl protecting group; 
R’ is H or OH: 
R is H or an organic radical, (preferably R is H or an 

organic radical with the proviso that when R is an organic 
radical, the organic radical is not CH-); 
R" is Horan organic radical; 
the dotted line (“ - - - ) represents an optional double bond; 
Y' is O or S; and 
R is selected from the group consisting of 

H OH H OR6 

V and - Y - -C-, -C-: 

(without regard to stereochemistry), wherein R is an organic 
radical); and 

(b) contains a ketone either pursuant to the structure 
defined for the phenanthrene-based moiety provided in (a), 
i.e., Formula I, or by replacement of atom in the phenan 
threne-based moiety provided in (a), i.e., Formula I, for a 
ketone. 

It is particularly preferred that the morphinone comprises 
the following structure: 

Formula II 

wherein: 
R" is H, an organic radical or a hydroxyl protecting group; 
R’ is H or OH: 
R is Horan organic radical, with the proviso that when R 

is an organic radical, the organic radical is not 

CH-C1 
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R" is Horan organic radical; 
the dotted line (“ - - - ) represents an optional double bond; 

and 
Y' is O or S. 
The step of stereoselectively reducing a ketone of a ketone 

containing morphinone typically comprises adding a stereo 
selective reducing agent (by, for example, adding a composi 
tion comprising the Stereoselective reducing agent) to a 
composition comprising the morphinone. 
Any reducing agent known to one skilled in the art can 

serve as a selective reducing agent so long as the reducing 
agent is stereoselective. In the present context, a reducing 
agent is considered Stereoselective when the composition 
following the reducing step comprises a reduced morphinone 
of a specific epimer that is in an amount at least 65% on a 
molar basis relative to the starting molar amount of the cor 
responding “non-reduced morphinone. Exemplary values 
representing the amount (on a molar basis relative to the 
starting molar amount of the corresponding “non-reduced 
morphinone) of the reduced morphinone produced using the 
selective reducing agent include: at least at least 70%; at least 
75%; at least 80%; at least 85%; at least 90%; at least 92%; at 
least 94%; at least 95%; at least 96%; at least 97%; at least 
98%; at least 99%; at least 99.5%, and at least 99.9%. 

Experimentation using techniques known to those of ordi 
nary skill in the art can be used to determine whether a given 
reducing agent is a stereoselective reducing agent (i.e., a 
reducing agent that will provide a composition comprising a 
reduced morphinone of a specific epimer in an amount of at 
least 65% on a molar basis relative to the starting molar 
amount of the corresponding “non-reduced morphinone). 
For example, a composition comprising a proposed reducing 
agent can be combined with a composition containing the 
morphinone. An aliquot of the resulting composition can be 
separated by epimer and the amount of each epimer calcu 
lated using conventional techniques (such as, for example, 
using high performance liquid chromatography with a chiral 
column, mass spectrometry, electrochromatography, capil 
lary electrophoresis, and nuclear magnetic resonance). If the 
reducing agent used results in an acceptable amount of a 
single epimer (e.g., at least 65% on a molar basis relative to 
the starting molar amount of the corresponding “non-re 
duced morphinone), then the proposed reducing agent is a 
Stereoselective reducing agent Suited for carrying out the 
reducing step. 

Examples of Stereoselective reducing agents include: 
MB(R).H. wherein M is selected from the group 

consisting of lithium (“Li'), sodium (“Na”) and potassium 
(“K”), R7 (in each occurrence) is independently selected from 
the group consisting of straight alkyl having 1-10 carbon 
atoms, branched alkyl having 1-10 carbonatoms, Substituted 
aryl, unsubstituted aryl, straight alkoxy having 1-10 carbon 
atoms, branched alkoxy having 1-10 carbon atoms, and RC 
(O)—O— wherein R is an organic radical (typically having 
1-10 carbon atoms), and (p) is an integer selected from the 
group consisting of 1, 2 and 3; 
MAl(R).Hrs.-- wherein M is selected from the group 

consisting of lithium (“Li'), sodium (“Na”) and potassium 
(“K”), R7 (in each occurrence) is independently selected from 
the group consisting of straight and branched alkyl having 2-7 
carbonatoms, (q) is Zero or one, and (p) is an integer selected 
from the group consisting of 1, 2 and 3; 
MAl(OR).H., wherein M is selected from the group 

consisting of lithium (“Li'), sodium (“Na”) and potassium 
(“K”), R(in each occurrence) is independently selected from 
the group consisting of straight and branched alkyl having 2-7 
carbonatoms and R O R' (wherein R, in each occur 
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rence, is independently straight or branched alkyl of 1-3 car 
bonatoms and Rand R' is independently 1.2-C alkylene 
or 1.3 propylene), and (p) is an integer selected from the 
group consisting of 1, 2 and 3; 

and combinations thereof 
In addition, the selective reducing agent can be selected 

from the group consisting of lithium triethylborohydride, 
sodium triethylborohydride, potassium triethylborohydride, 
Sodium triacetoxyborohydride, potassium triacetoxyborohy 
dride, lithium tri-sec-butylborohydride, sodium tri-sec-butyl 
borohydride, potassium tri-sec-butylborohydride, lithium 
9-borabicyclo 3.3.1-nonane (9-BBN) hydride, lithium 
hexylborohydride, lithium trisiamylborohydride, potassium 
trisiamylborohydride, lithium triethylborodeuteride, LiAlH 
(CEtCMes), and combinations thereof. 
The step of Stereoselectively reducing a ketone of a mor 

phinone is typically conducted under conditions (e.g., Sol 
vent, temperature, amount, and so forth) either known to 
those of ordinary skill in the art or that can be determined 
without undue experimentation. Exemplary conditions will 
now be provided. 

Addition of the stereoselective reducing agent to a compo 
sition comprising the morphinone is typically carried out in 
the presence of an organic solvent that is not readily reactive 
with reducing agents. Exemplary organic solvents that are not 
readily reactive with reducing agents include organic solvents 
selected from the group consisting of aliphatic hydrocarbons, 
aromatic hydrocarbons, ethers, cyclic ethers, and combina 
tions thereof. Additional exemplary solvents include those 
Solvents selected from the group consisting of toluene, 
methyl t-butyl, tetrahydrofuran, hexane, cyclohexane, ethyl 
ether, diethyl ether, benzene and combinations thereof. Pre 
ferred organic solvents include those selected from the group 
consisting of diethyl ether and tetrahydrofuran. One of ordi 
nary skill in the art can determine whether any particular 
Solvent can serve as a solvent for carrying out the reduction 
step by, for example, carrying out the method using the pro 
posed solvent and then testing for the presence of the reduced 
morphinone. If the solvent used results in an acceptable 
amount (e.g., at least 65% on a molar basis relative to the 
starting molar amount of the corresponding “non-reduced 
morphinone), then the proposed solvent is a solvent Suited for 
carrying out the reducing step. 

Addition of the stereoselective reducing agent to a compo 
sition comprising the morphinone is typically carried out at a 
temperature of from about -100° C. to about 90° C. Exem 
plary ranges of temperature at which the addition of the 
Stereoselective reducing agent is carried out include the fol 
lowing: from about-90° C. to about 80° C.; from about-80° 
C. to about 70° C.; from about -70° C. to about 50° C.; from 
about -60° C. to about 30° C.; from about -50° C. to about 
20° C.; from about -40°C. to about 10° C.; from about -30° 
C. to about 0°C.; from about -20°C. to about 20° C.; from 
about -20°C. to about 10° C.; and from about -20°C. to 0° 
C. One of ordinary skill in the art can determine whether any 
particular temperature can serve as a temperature for carrying 
out the reduction step by, for example, carrying out the 
method using the proposed temperature and then testing for 
the presence of the reduced morphinone. If the temperature 
used results in an acceptable amount (e.g., at least 65% on a 
molar basis relative to the starting molar amount of the cor 
responding “non-reduced morphinone), then the proposed 
temperature is a temperature Suited for carrying out the reduc 
ing step. 

Addition of the stereoselective reducing agent to a compo 
sition comprising the morphinone is typically carried out 
Such that the stereoselective reducing agent is added in 
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excess. Exemplary molar ratios for carrying out the reducing 
step include the following (stereoselective reducing agent to 
morphinone): 50:1; 20:1; 15:1; 10:1; 9:1; 8:1; 7:1; 6:1; 5:1; 
4:13:1;2:1:1.8:1; 1.6:1; 1.4:1; 1.2:1:1:1:1:1:2:1:1.4; 1:1.6: 
1.1.8:1:2: 1:3; 1:4; 1:5; 1:6; 1:7: 1:8; 1:9; 1:10; 1:15; 1:20; 
and 1:50, with the following ratios being preferred: 2:1: 1.8:1; 
1.6:1; 1.4:1; 1.2:1:1:1:1:1.2:1:1.4; 1:1.6:1:1.8; and 1:2. One 
ofordinary skill in the art can determine whether any ratio can 
serve as a ratio for carrying out the reducing step by, for 
example, carrying out the reducing step using the proposed 
ratio and then testing for the presence of reduced morphinone. 
If the ratio used results in an acceptable amount (e.g., at least 
65% on a molar basis relative to the starting molar amount of 
the corresponding “non-reduced morphinone), then the pro 
posed ratio is a ratio Suited for carrying out the reducing step. 
Once the stereoselective reducing agent has been added to 

the composition comprising the morphinone (to thereby 
allow for stereoselective reduction), stereoselective reduction 
is allowed to proceed for a period of time so as to result in the 
reduced morphinone. A specific period of time sufficient to 
result in the reduced morphinone will vary depending on the 
Solvent, temperature, molar amounts of reactants, and so 
forth. Typically, however, the amount of time the stereoselec 
tive reduction will take place will satisfy at one or more of the 
following ranges: not longer than about 5 minutes, not longer 
than about 10 minutes, not longer than about 30 minutes, not 
longer than about 1 hour, not longer than about 1.5 hours, not 
longer than about 2 hours, not longer than about 2.5 hours; not 
longer than about 3 hours; not longer than about 4 hours; not 
longer than about 5 hours; not longer than about 8 hours; not 
longer than about 10 hours; not longer than about 12 hours: 
not longer than about 16 hours; not longer than about 20 
hours; not longer than about 24 hours; not longer than about 
36 hours; and not longer than about 48 hours. In this regard, 
a preferred time period is about 10 minutes to about 2 hours. 
The “morphinone' as used herein, refers to a phenan 

threne-based moiety that (a) comprises the following struc 
ture: 

Formula I 

RI-O 
S 
S 
s 
s 

s 
S. 
s 

wherein: 
R" is H, an organic radical, or a hydroxyl protecting group; 
R’ is H or OH: 
R is Horan organic radical, with the proviso that when R 

is an organic radical, the organic radical is not 

CH-3 
R" is Horan organic radical; 
the dotted line (“ - - - ) represents an optional double bond; 
Y' is O or S; and 
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12 
R is selected from the group consisting of 

H OR6 
V / and -d- 

(wherein R is an organic radical); and 
(b) contains a ketone either pursuant to the structure 

defined for the phenanthrene-based moiety provided in (a), 
i.e., Formula I, or by replacement of atom in the phenan 
threne-based moiety provided in (a), i.e., Formula I, for a 
ketone. The morphinone may comprise more than a single 
ketone. When the morphinine comprises more than a single 
ketone, the use of a chemoselective and stereoselective 
reagent is necessary in order to carry out the present inven 
tion. Approaches for chemoselective reduction are known to 
those of ordinary skill in the art see, for example, Larock 
(1989) Comprehensive Organic Transformations VCH: NY. 
p. 993 and/or can be determined without undue experimen 
tation. Preferably, the morphinone is a phenanthrene-based 
moiety (as defined with regard to Formula I) wherein R is 

O 

| 

A preferred morphinone comprises the following struc 
ture: 

Formula II 

wherein: 
R" is H, an organic radical or a hydroxyl protecting group; 
R’ is H or OH (preferably OH): 
R is Horan organic radical, with the proviso that when R 

is an organic radical, the organic radical is not 

CH-C : 

R" is Horan organic radical (preferably H): 
the dotted line (“ - - - ) represents an optional double bond; 

and 
Y' is O or S (preferably O). 
With respect to morphinones that include a hydroxyl pro 

tecting group (e.g., when R' is a hydroxyl protecting group in 
Formula I and Formula II), the hydroxyl protecting group can 
be any group capable of protecting a free hydroxyl group 
which, Subsequent to the reaction for which protection is 
employed, may be removed without disturbing the remainder 
of the molecule. A variety of protecting groups for the 

  



US 8,183,376 B2 
13 

hydroxyl group, synthesis thereof, and methods for adding 
and removing the protective group(s) can be found in Greene, 
T., and Wuts, Peter G. M., “PROTECTIVE GROUPS IN 
ORGANIC SYNTHESIS. Chapter 6, 3 Edition, John 
Wiley and Sons, Inc., New York, 1999. Specific and nonlim 
iting examples of hydroxyl protecting groups (e.g., R' in 
Formula I and Formula II) include alkanoyl having 2 to 5 
carbons (such as acetyl), aryloyl having 7 to 11 carbons (such 
as benzoyl), benzyl, 1-ethoxyethyl, methoxymethyl, 4-meth 
oxyphenylmethyl methoxymethyl, methoxyethoxymethyl 
ene, 1-ethoxyethyl, benzyloxymethyl, (B-trimethylsi 
lylethoxy)methyl, tetrahydropyranyl. 2.2.2- 
trichloroethoxycarbonyl, t-butyl (diphenyl)silyl, trialkylsilyl, 
trichloromethoxycarbonyl, and 2.2.2-trichloroethoxymethyl. 
A protected hydroxyl group of the reduced morphinone 

can be deprotected (i.e., the original hydroxyl group “regen 
erated) using conventional techniques. Such techniques are 
known to those of ordinary skill in the art and are described in 
Greene et al., infra. Optionally, the methods described herein 
include carrying out a deprotecting step to remove the 
hydroxyl protecting group (when present) following attach 
ment of a water-soluble polymer. 

Exemplary morphinones useful in the present invention 
include: 

CH3 
/ 
N 

H 

HO O O 

hydromorphone 
(7,8-dihydromorphin-6-One); 

CH 

W 

s' O 
CHO O 

hydrocodone 
(3-methyl-7,8-dihydromorphin-6-one); 

CH 
A 
N 

OH 

HO O 

Oxymorphone 
(14-hydroxy-7,8-dihydromorphin-6-One); 
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14 
-continued 

CH 
N 

OH 

CHO O O 
oxycodone 

(14-hydroxy-3-methyl-7,8-dihydromorphin-6-One); 
CH-CH=CH2. 

N 

OH 

w xx X xx 
HO O O 

naloxone 
(N-allyl-14-hydroxy-7,8-dihydromorphin-6-one); and 

pH-3 
N 

OH 

HO O 

maltrexone 
(N-cyclopropylmethyl-14-hydroxy-7,8-dihydromorphin-6-one). 

These and other morphinones have been described and 
characterized previously. See, for example: U.S. Pat. Nos. 
2,628,962, 2,654,756 and 2,649,454 (hydromorphone and 
others); U.S. Pat. No. 2,715,626 (hydrocodone and others); 
U.S. Pat. No. 2,806,033 (oxymorphone and others); Freundet 
al. (1916).J. Prak. Chemie 94:135-178 (oxycodone); U.S. Pat. 
No. 3.254,088 (naloxone and others); and U.S. Pat. No. 
3.332.950 (naltrexone and others). 

Optionally, the method further comprises the step of 
covalently attaching a water-soluble polymer to the reduced 
morphinone. Any approach for covalently attaching the 
water-soluble polymer to the reduced morphinone can be 
used and the invention is not limited in this regard. Advanta 
geously, a hydroxyl group of the reduced morphinone can 
serve as an attachment point for the water-soluble polymer. 
Typically, the hydroxyl group Serving as the point of attach 
ment for the water-soluble polymer will be the hydroxyl 
group generated following Stereoselective reduction a ketone 
of a morphinone. 

For example, as described in U.S. Patent Application Pub 
lication 2005/013.6031, a reduced morphinone bearing a 
hydroxyl group can be placed under basic conditions to 
thereby form the corresponding alkoxide group. Thereafter, a 
halo-substituted, water-soluble polymer can be added to the 
reduced morphinone to form an ether-linked conjugate. A 
method for preparing a halo-substituted, water-soluble poly 
meris described in U.S. Patent Application Publication 2005/ 
O136O31. 

In addition, a reduced morphinone bearing a hydroxyl 
group can be reacted in a suitable organic solvent with a 
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water-soluble polymer bearing a leaving group, such as a 
Sulfonate-based leaving group (e.g., a mesylate, tresylate and 
tosylate leaving groups). 

In addition, a carboxylic acid-terminated, water-soluble 
polymer can be added to the reduced morphine to form the 
conjugate via an esterification reaction. Such an esterification 
reaction is conducted in the presence of an acid (e.g., H2SO4), 
typically with removing water by azeotropic distillation, 
addition of a dehydrating agent, or use of a molecular sieve. 
Methods for preparing carboxylic acid-terminated, water 
soluble polymers are described in U.S. Pat. No. 5,672,662. 

In certain instances, however, the morphinone may include 
more than a single hydroxyl group (e.g., when R' is HandR 
is OH in Formula II), which may result in difficulty in direct 
ing conjugation at the desired hydroxyl group. In such an 
instance, it may be desired to protect the hydroxyl group(s) of 
a hydroxyl-containing morphinone with hydroxyl protecting 
group(s) prior to carrying out the conjugation step. In this 
way, the hydroxyl group(s) is/are “protected from the con 
jugation at one or more undesired locations. In some 
instances, it will be advantageous to carryout the protecting 
step prior to stereoselective reduction of the ketone of the 
morphinone so that hydroxyl group protection does not com 
pete for the hydroxyl group resulting from Stereoselective 
reduction of the ketone group of the morphinone. 

In other instances, it is not necessary to protect one or more 
of the hydroxyl groups of a morphinone. Examples where it is 
not necessary to protect the hydroxyl group include the 
instances when hydroxyl group conjugation would not result 
in a deleterious product and/or when the hydroxyl group is not 
readily conjugated, for example, steric effects. Determining 
whether any given hydroxyl group should be protected can be 
performed by one of ordinary skill in the art. For example, a 
first composition containing a proposed morphinone having a 
hydroxyl group in protected form and a second composition 
containing the corresponding morphine having the hydroxyl 
group in unprotected form can be exposed to conjugation 
conditions. Upon removal of the protected hydroxyl group 
from the morphinone in the first composition, it is possible to 
test the structure of the conjugates from each of the two 
compositions using, for example, chromatography and/or 
nuclear magnetic resonance techniques. If the structures are 
Substantially the same (e.g., both compositions are Substan 
tially identical with respect to the number and attachment 
location of the water-soluble polymer), then it is not neces 
sary to protect the particular hydroxyl group prior to carrying 
out conjugation with that particular morphinone. 
The Water-Soluable Polymer (Prior to the Optional Step of 

Covalently Attaching a Water-Soluable Polymer to the 
Reduced Morphinone) 

With respect to the water-soluble polymer, the water 
soluble polymer is nonpeptidic, nontoxic, non-naturally 
occurring and biocompatible. With respect to biocompatibil 
ity, a substance is considered biocompatible if the beneficial 
effects associated with use of the substance alone or with 
another Substance in connection with living tissues (e.g., 
administration to a patient) outweighs any deleterious effects 
as evaluated by a clinician, e.g., a physician. With respect to 
non-immunogenicity, a Substance is considered nonimmuno 
genic if the intended use of the Substance in Vivo does not 
produce an undesired immune response (e.g., the formation 
of antibodies) or, if an immune response is produced, that 
Such a response is not deemed clinically significant or impor 
tant as evaluated by a clinician. It is particularly preferred that 
the nonpeptidic water-soluble polymer is biocompatible and 
nonimmunogenic. 
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Examples of water-soluble polymers include, but are not 

limited to, poly(alkylene glycols) such as polyethylene glycol 
(PEG), poly(propylene glycol) (“PPG'), copolymers of eth 
ylene glycol and propylene glycol and the like, poly(oxyethy 
lated polyol), poly(olefinic alcohol), poly(Vinylpyrrolidone), 
poly(hydroxyalkylmethacrylamide), poly(hydroxyalkyl 
methacrylate), poly(saccharides), poly(C-hydroxy acid), 
poly(vinyl alcohol), polyphosphaZene, polyoxazoline, poly 
(N-acryloylmorpholine), and combinations of any of the fore 
going. 
The polymer is not limited to a particular structure and can 

be linear (e.g., alkoxy PEG or bifunctional PEG), branched or 
multi-armed (e.g., forked PEG or PEG attached to a polyol 
core), dendritic, or with degradable linkages. Moreover, the 
internal structure of the polymer can be organized in any 
number of different patterns and can be selected from the 
group consisting of homopolymer, alternating copolymer, 
random copolymer, block copolymer, alternating tripolymer, 
random tripolymer, and block tripolymer. 

Typically, the water-soluble polymer used in the optional 
step of covalently attaching a water-soluble polymer to the 
reduced morphinone is an activated water-soluble polymer 
(such as an activated PEG) typically referred to as a “poly 
meric reagent. Thus, a polymeric reagent will possess a 
reactive group for reaction with the reduced morphinone Rep 
resentative polymeric reagents and methods for conjugating 
these polymers to an active moiety are known in the art and 
further described in the literature. See, for example, U.S. 
Patent Application Publication Nos. 2003/0124086 and 2005/ 
O136O31. 

Typically, the weight-average molecular weight of the 
water-soluble polymer in the conjugate is from about 100 
Daltons to about 5,000 Daltons. Exemplary ranges, however, 
include weight-average molecular weights in the range of 
greater than 100 Daltons to less than 5,000 Daltons, in the 
range of from about 100 Daltons to about 4,750 Daltons, in 
the range of from about 100 Daltons to about 4,500 Daltons, 
in the range of greater than 100 Daltons to about 4,500 Dal 
tons, in the range of from about 100 Daltons to about 4.250 
Daltons, in the range of from about 100 Daltons to about 
3,750 Daltons, in the range of from about 100 Daltons to 
about 3,500 Daltons, in the range of from about 100 Daltons 
to about 3.250 Daltons, in the range of from about 100 Dal 
tons to about 3,000 Daltons, in the range of from about 100 
Daltons to about 2,750 Daltons, in the range of from about 
100 Daltons to about 2,500 Daltons, in the range of from 
about 100 Daltons to about 2.250 Daltons, in the range of 
from about 100 Daltons to about 2,000 Daltons, in the range 
of from about 100 Daltons to about 1,750 Daltons, in the 
range of from about 100 Daltons to about 1,500 Daltons, in 
the range of from about 100 Daltons to about 1,500 Daltons, 
in the range of from about 100 Daltons to about 1,250 Dal 
tons, in the range of from about 100 Daltons to about 1,000 
Daltons, in the range of from about 100 Daltons to about 900 
Daltons, in the range of from about 100 Daltons to about 800 
Daltons, in the range of from about 100 Daltons to about 700 
Daltons, in the range of from about 100 Daltons to about 600 
Daltons, in the range of from about 100 Daltons to about 500 
Daltons, in the range of from about 100 Daltons to about 400 
Daltons, in the range of from about 100 Daltons to about 300 
Daltons, in the range of from about 200 Daltons to about 
2,000 Daltons, in the range of from about 300 Daltons to 
about 1000 Daltons, in the range of from about 300 Daltons to 
about 1,500 Daltons, and in the range of from about 50 Dal 
tons to about 1,500 Daltons. For any given water-soluble 
polymer, PEGs having a molecular weight in one or more of 
these ranges are preferred. 
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Exemplary weight-average molecular weights for the 
water-soluble polymer include about 100 Daltons, about 200 
Daltons, about 300 Daltons, about 400 Daltons, about 500 
Daltons, about 600 Daltons, about 700 Daltons, about 750 
Daltons, about 800 Daltons, about 900 Daltons, about 1,000 
Daltons, about 1,250, about 1,500 Daltons, about 1,750 Dal 
tons, about 2,000 Daltons, about 2,250 Daltons, about 2,500 
Daltons, about 2,750 Daltons, about 3,000 Daltons, about 
3,250 Daltons, about 3,500 Daltons, about 3,750 Daltons, 
about 4,000 Daltons, about 4.250 Daltons, about 4,500 Dal 
tons, about 4,750 Daltons, and about 5,000 Daltons. 
Branched versions of the water-soluble polymer (e.g., a 
branched 5,000 Dalton water-soluble polymer comprised of 
two 2,500 Dalton polymers) having a total molecular weight 
of any of the foregoing can also be used. 
When used as the polymer, PEGs will typically comprise a 

number of (OCHCH) monomers or (CHCHO) mono 
mers, depending on how the PEG is defined. As used 
throughout the description, the number of repeating units is 
identified by the subscript “n” in “(OCHCH), or 
“(CH2CH2O).” Thus, the value of (n) typically falls within 
one or more of the following ranges: from 2 to about 113, 
from about 2 to about 102, from about 2 to about 91, from 
about 2 to about 80, from about 2 to about 68, from about 2 to 
about 57, from about 2 to about 45, from about 2 to about 34, 
from about 2 to about 23, from about 2 to about 20, and from 
about 2 to about 15. Example values of (n) include: 2, 3, 4, 5, 
6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20. For any 
given polymer in which the molecular weight is known, it is 
possible to determine the number of repeating units (i.e., “n”) 
by dividing the total weight-average molecular weight of the 
polymer by the molecular weight of the repeating monomer. 
One particularly preferred polymer for use in the invention 

is an end-capped polymer, that is, a polymer having at least 
one terminus capped with a relatively inert group. Such as a 
lower Ce alkoxy group, although a hydroxyl group can also 
be used. When the polymer is PEG, for example, it is pre 
ferred to use a methoxy-PEG (commonly referred to as 
mPEG), which is a linear form of PEG wherein one terminus 
of the polymer is a methoxy ( OCH) group, while the other 
terminus is a hydroxyl or other functional group that can be 
optionally chemically modified. 

In one form useful in one or more embodiments of the 
present invention, free or unbound PEG is a linear polymer 
terminated at each end with hydroxyl groups: 

wherein (n) ranges from Zero to about 4,000. 
The above polymer, alpha-, omega-dihydroxylpoly(ethyl 

ene glycol), can be represented in brief form as HO PEG 
OH where it is understood that the —PEG-symbol can rep 
resent the following structural unit: 

wherein (n) is as defined as above. 
Another type of PEG useful in one or more embodiments of 

the present invention is methoxy-PEG-OH, or mPEG in brief, 
in which one terminus is the relatively inert methoxy group, 
while the other terminus is a hydroxyl group. The structure of 
MPEG is given below. 

wherein (n) is as described above. 
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18 
Multi-armed or branched PEG molecules, such as those 

described in U.S. Pat. No. 5,932,462, can also be used as the 
PEG polymer. For example, PEG can have the structure: 

poly-P 

poly-Q 

wherein: 
poly, and poly, are PEG backbones (either the same or 

different). Such as methoxy poly(ethylene glycol); 
R" is a nonreactive moiety, such as H. methyl or a PEG 

backbone; and 
P and Q are nonreactive linkages. In a preferred embodi 

ment, the branched PEG polymer is methoxy poly(ethylene 
glycol) disubstituted lysine. 
The PEG polymer may comprise a pendant PEG molecule 

having reactive groups, such as carboxyl, covalently attached 
along the length of the PEG rather than at the end of the PEG 
chain. The pendant reactive groups can be attached to the 
PEG directly or through a spacer moiety, such as an alkylene 
group. 
An exemplary conjugate comprises the following struc 

ture: 

Formula III 

R3 
A 
N 

R2 

s' 
R-O R (XI)-CHCH-(OCH2CH)-OCH 

wherein: 
R" is Horan organic radical (preferably H, hydroxyl pro 

tecting group, or lower alkyl Such as CH-); 
R’ is Hor OH (preferably OH): 
R is Horan organic radical, (preferably, with the proviso 

that when R is an organic radical, the organic radical is not 

CH-C), 
R" is Horan organic radical (preferably H): 
the dotted line (“ - - - ) represents an optional double bond; 
Y' is O or S; 
(n) is an integer (e.g., from 1 to 14); 
(a) is either Zero or one; and 
X', when present, is a spacer moiety (e.g., -O- and 

—O—C(O)—). 
The spacer moiety, ("X") when present, represents the 

covalent linkage between the water-soluble polymer the 
reduced morphinone. Exemplary spacer moieties include 
ether, ester, amide, urethane (also known as carbamate), 
amine, thioether (also known as Sulfide), or urea (also known 
as carbamide). Nonlimiting examples of specific spacer moi 
eties include those selected from the group consisting of 
O— —S , —S-S , —C(O)— —O—C(O)—, 
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For example, compositions suitable for oral administration 
can be presented as discrete units such as capsules, cachets, 
tablets, lozenges, and the like, each containing a predeter 
mined amount of the conjugate as a powder or granules; or a 
Suspension in an aqueous liquor or non-aqueous liquid Such 
as a syrup, an elixir, an emulsion, a draught, and the like. 
A tablet may be made by compression or molding, option 

ally with one or more accessory ingredients. Compressed 
tablets may be prepared by compressing in a Suitable 
machine, with the conjugate being in a free-flowing form 
Such as a powder or granules which is optionally mixed with 
a binder, disintegrant, lubricant, inert diluent, Surface active 
agent or dispersing agent. Molded tablets comprised with a 
Suitable carrier may be made by molding in a Suitable 
machine. 
A syrup may be made by adding the conjugate to a con 

centrated aqueous solution of a Sugar, for example Sucrose, to 
which may also be added any accessory ingredient(s). Such 
accessory ingredients may include flavorings, Suitable pre 
servatives, an agent to retard crystallization of the Sugar, and 
an agent to increase the Solubility of any other ingredient, 
Such as polyhydric alcohol, for example, glycerol or Sorbitol. 

Formulations Suitable for parenteral administration conve 
niently comprise a sterile aqueous preparation of the conju 
gate, which can be formulated to be isotonic with the blood of 
the recipient. 

Nasal spray formulations comprise purified aqueous solu 
tions of the conjugate with preservative agents and isotonic 
agents. Such formulations are preferably adjusted to a pH and 
isotonic state compatible with the nasal mucous membranes. 

Formulations for rectal administration may be presented as 
a Suppository with a suitable carrier Such as cocoa butter, or 
hydrogenated fats or hydrogenated fatty carboxylic acids. 

Ophthalmic formulations are prepared by a similar method 
to the nasal spray, except that the pH and isotonic factors are 
preferably adjusted to match that of the eye. 

Topical formulations comprise the conjugate dissolved or 
Suspended in one or more media Such as mineral oil, petro 
leum, polyhydroxy alcohols or other bases used for topical 
formulations. The addition of other accessory ingredients as 
noted above may be desirable. 

Pharmaceutical formulations are also provided which are 
suitable for administration as an aerosol for inhalation. These 
formulations comprise a solution or Suspension of the desired 
conjugate or a salt thereof. The desired formulation may be 
placed in a small chamber and nebulized. Nebulization may 
be accomplished by compressed air or by ultrasonic energy to 
form a plurality of liquid droplets or Solid particles compris 
ing the conjugates or salts thereof. 

To the extent the conjugate-containing composition is in 
liquid or semi-solid form, the liquid or semi-solid can be filled 
into soft gelatin capsules using appropriate filling machines. 
Alternatively, such a conjugate-containing composition can 
also be sprayed, granulated or coated onto a Substrate to 
become a powder, granule or bead that can be further encap 
sulated or tableted if the compositions solidify at room tem 
perature with or without the addition of appropriate solidify 
ing orbinding agents. This approach allows for the creation of 
a “fused mixture,” a “solid solution' or a “eutectic mixture.” 
The invention also provides a method for administering a 

conjugate as provided herein to a patient Suffering from a 
condition that is responsive to treatment with conjugate. The 
method comprises administering to a patient, generally via 
oral administration, a therapeutically effective amount of the 
conjugate (preferably provided as part of a pharmaceutical 
composition). 
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The method of administering may be used to treat any 

condition that can be remedied or prevented by administra 
tion of the conjugate. Those of ordinary skill in the art appre 
ciate which conditions a specific conjugate can effectively 
treat. For example, the conjugates can be used to treat patients 
Suffering opioid-induced constipation. Advantageously, the 
conjugate can be administered to the patient prior to, simul 
taneously with, or after administration of another active 
agent. 
The actual dose to be administered will vary depending 

upon the age, weight, and general condition of the Subject as 
well as the severity of the condition being treated, the judg 
ment of the health care professional, and conjugate being 
administered. Therapeutically effective amounts are known 
to those skilled in the art and/or are described in the pertinent 
reference texts and literature. Generally, a therapeutically 
effective amount will range from about 0.001 mg to 100 mg. 
preferably in doses from 0.01 mg/day to 75 mg/day, and more 
preferably in doses from 0.10 mg/day to 50 mg/day. 
The unit dosage of any given conjugate (again, preferably 

provided as part of a pharmaceutical preparation) can be 
administered in a variety of dosing schedules depending on 
the judgment of the clinician, needs of the patient, and so 
forth. The specific dosing schedule will be known by those of 
ordinary skill in the art or can be determined experimentally 
using routine methods. Exemplary dosing schedules include, 
without limitation, administration once daily, three times 
weekly, twice weekly, once weekly, twice monthly, once 
monthly, and any combination thereof. Once the clinical end 
point has been achieved, dosing of the composition is halted. 

It is to be understood that while the invention has been 
described in conjunction with the preferred specific embodi 
ments thereof, that the foregoing description as well as the 
examples that follow are intended to illustrate and not limit 
the scope of the invention. Other aspects, advantages and 
modifications within the scope of the invention will be appar 
ent to those skilled in the art to which the invention pertains. 

All articles, books, patents and other publications refer 
enced herein are hereby incorporated by reference in their 
entireties. 

EXPERIMENTAL 

The practice of the invention will employ, unless otherwise 
indicated, conventional techniques of organic synthesis, bio 
chemistry, protein purification and the like, which are within 
the skill of the art. Such techniques are fully explained in the 
literature. See, for example, J. March, Advanced Organic 
Chemistry: Reactions Mechanisms and Structure, 4th Ed. 
(New York: Wiley-Interscience, 1992), supra. 

In the following examples, efforts have been made to 
ensure accuracy with respect to numbers used (e.g., amounts, 
temperatures, etc.) but some experimental error and deviation 
should be accounted for. Unless indicated otherwise, tem 
perature is in degrees C. and pressure is at or near atmospheric 
pressure at sea level. Each of the following examples is con 
sidered to be instructive to one of ordinary skill in the art for 
carrying out one or more of the embodiments described 
herein. 

In the experimental, the following materials (along with 
their source) were used: sodium borohydride (Aldrich 
Chemical, Milwaukee Wis.); borane 1.0 M in THF solution 
(Aldrich Chemical, Milwaukee Wis.); borane diethylaniline 
(Aldrich Chemical, Milwaukee Wis.); sodium triethylboro 
hydride 1.0 M in THF solution (Aldrich Chemical, Milwau 
kee Wis.); sodium tri-sec-butylborohydride 1.0 M in THF 
solution (Aldrich Chemical, Milwaukee Wis., sold under the 
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SELECTRIDE(R) brand); potassium tri-sec-butylborohydride 
1.0 M in THF solution (Aldrich Chemical, Milwaukee Wis., 
sold under the SELECTRIDE(R) brand); sodium triacetoxy 
borohydride (Aldrich Chemical, Milwaukee Wis.): (S)-2-me 
thyl-oxazaborolidine.(S)-MeCBS 1.0 M in toluene (Aldrich 
Chemical, Milwaukee Wis.) tetrahydrofuran (THF), anhy 
drous (Aldrich Chemical, Milwaukee Wis.); methanol, anhy 
drous (Aldrich Chemical, Milwaukee Wis.): ethanol, anhy 
drous (Aldrich Chemical, Milwaukee Wis.); acetonitrile, 
anhydrous (Aldrich Chemical, Milwaukee Wis.); dichlo 
romethane (Aldrich Chemical, Milwaukee Wis.); and 
3-MEM-O-naloxone was obtained as described in U.S. 
Patent Application Publication No. 2005/0136031. All H 
NMR measurements were performed on a Bruker 300 NMR 
(Bruker BioSpin, Billerica Mass.). 

Example 1 

Preparation of Substantially Pure 
C-6-OH-3-MEM-O-Naloxol Using 

K-tri-sec-butylborohydride 

HC-CH=CH 

K-tri-sec-butylborohydride 
He 

THF, -20°C. 

HC-CH=CH 

To a solution of 3-MEM-O-naloxone base (2.0 g, 4.8 
mmol, preparation described in U.S. Patent Application Pub 
lication No. 2005/013.6031) in dry tetrahydrofuran (50 mL) 
under an inert atmosphere at -20°C., was added a 1M solu 
tion of potassium tri-sec-butylborohydride (7.2 mL, 7.2 
mmol) slowly over 15 minutes. The solution was stirred con 
tinuously at -20° C. under a nitrogen atmosphere for an 
additional 1.5 hours and then water (10 mL) was added 
slowly. The reaction mixture was stirred another 10 minutes 
at -20° C. and allowed to warm to room temperature. The 
Solvent was removed under reduced pressure and the remain 
ing residue was dissolved in CHCl (100 mL). The CH-Cl 
phase was extracted with a 0.1 NHCl/NaCl water solution 
(3x100 mL) and the combined aqueous extracts were washed 
with CHCl (1x300 mL). Sodium carbonate was added to 
bring the aqueous solution to pH-8. The solution was 
extracted once again with CHCl (3x300 mL) and the 
organic extracts were combined, dried over anhydrous 
NaSO, filtered, the solvent removed under reduced pres 
Sure, and the resulting residue dried overnight in vacuo. The 
desired product was greater than 99% O.-6-OH-3-MEM-O- 
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naloxol. The desired product was obtained as a colorless to 
slightly yellow viscous liquid (1.7g, 4.1 mmol. 85% isolated 
yield). H NMR (CDC1, ppm, FIG. 1): 8 6.84 (1H, doublet, 
aromatic proton of naloxone), 6.59 (1H, doublet, aromatic 
proton of naloxone), 5.80 (1H, multiplet, olefinic proton of 
naloxone), 5.56 (1H, doublet, proton of MEM), 5.17 (2H, 
multiplet, olefinic protons of naloxone), 5.13 (1H, doublet, 
proton of MEM), 4.61 (1H, doublet, J-4.9 HZ, Cs proton of 
naloxone), 4.17 (1H, multiplet, C proton of naloxone), 3.86 
(2H, multiplet, protons of MEM), 3.54 (2H, triplet, protons of 
MEM), 3.36 (3H, singlet, protons of MEM), 1.26-3.12 (14H, 
multiplet, protons of naloxone). 

Each of the reaction conversion (i.e., conversion from the 
ketone to the hydroxyl); the percentage of C. epimers in the 
composition; and the percentage of B epimers in the compo 
sition were determined by proton NMR. Cs proton of nalox 
one showed a singlet at 4.67 ppm in CDC1 (TMS as a refer 
ence) for 3-MEM-O-Naloxone, a doublet at 4.61 ppm (J-4.9 
Hz) for C-6-HO-3-MEM-O-Naloxol and a doublet at 4.47 
ppm (J=5.8 Hz) for C-6-HO-3-MEM-O-Naloxol. 
The described synthesis in this Example 1 was carried out 

several times, and in some instances, the temperature was 
raised from -78° C. to 30° C. In all cases, the yield (i.e., 
conversion of ketone to hydroxyl) was 85% or greater and the 
product was always greater than 99% O-6-OH-3-MEM-O- 
naloxol. 

Example 2 

Preparation of Substantially Pure 
C-6-OH-3-MEM-O-Naloxol Using 

Na-tri-sec-butylborohydride 

HC-CH=CH 

N 

() K-tri-sec-butylborohydride 
-- 

THF, -20° C. 

O 

To a solution of 3-MEM-O-naloxone base (100 mg 0.24 
mmol, preparation described in U.S. Patent Application Pub 
lication No. 2005/013.6031) in dry tetrahydrofuran (8 mL) 
under an inert atmosphere at -20°C., was added a 1M solu 
tion of sodium tri-sec-butylborohydride (0.36 mL, 0.36 nmol) 
slowly. The solution was stirred continuously at -20° C. 
under a nitrogen atmosphere for an additional 1.0 hour and 
then water (1 LL) was added slowly. The reaction mixture was 
stirred another 10 minutes at -20°C. and allowed to warm to 
room temperature. The solvent was removed under reduced 
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pressure and the remaining residue was dissolved in CH2Cl2 
(30 mL). The CHCl, phase was extracted with a 0.1 N 
HCl/NaCl water solution (3x30 mL) and the combined aque 
ous extracts were washed with CHCl (1x30 mL). Sodium 
carbonate was added to bring the aqueous solution to pH-8. 
The solution was extracted once again with CHCl (3x30 
mL) and the organic extracts were combined, dried over 
anhydrous NaSO, filtered, the solvent removed under 
reduced pressure, and the resulting residue dried overnight in 
vacuo. The desired product was obtained as a colorless vis 
cous liquid (82 mg, 0.20 mmol. 82% isolated yield). HNMR 
(CDC1) showed that the desired product was greater than 
99% O-6-OH-3-MEM-O-naloxol, no f epimer was detected. 
The described synthesis in this Example 2 was carried out 

several times, and in some instances, the temperature was 
raised from -20° C. to 30° C. In all cases, the yield (i.e., 
conversion of ketone to hydroxyl) was 82% or greater and the 
product was always greater than 99% O-6-OH-3-MEM-O- 
naloxol. 

Example 3 

Preparation of Substantially Pure 
C-6-OH-3-MEM-O-Naloxol Using Sodium 

Triethylborohydride 

HC-CH=CH 

N 

NaBH(Et) 
Her 

( ) THF, 0° C. 
O 

MEMO O 
HC-CH=CH 

To a solution of 3-MEM-O-naloxone base (100 mg, 0.24 
mmol, preparation described in U.S. Patent Application Pub 
lication No. 2005/013.6031) in dry tetrahydrofuran (6 mL) 
under an inert atmosphere at 0°C. (via an ice bath), was added 
a 1M solution of sodium triethylborohydride (0.36 mL, 0.36 
mmol) slowly. The Solution was stirred under a nitrogen 
atmosphere for 5.0 hours and slowly warmed to room tem 
perature; then acetic acid (0.5 mL) was added slowly to 
destroy excess sodium triethylborohydride. The solvent was 
removed under reduced pressure and the remaining residue 
was dissolved in CHCl (30 mL). The CHCl, phase was 
extracted with a 0.1 NHC1/NaCl water solution (3x30 mL) 
and the combined aqueous extracts were washed with CHCl 
(1x30 mL). Sodium carbonate was added to bring the aque 
ous solution to pH-8. The solution was extracted once again 
with CHCl (3x30 mL) and the organic extracts were com 
bined, dried over anhydrous NaSO filtered, the solvent 
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removed under reduced pressure, and the resulting residue 
dried overnight in vacuo. The desired product was obtained as 
a colorless viscous liquid (89 mg 0.21 mmol. 89% isolated 
yield). "HNMR (CDC1) showed that the desired product was 
greater than 99% C-6-OH-3-MEM-O-naloxol, no f epimer 
was detected. 
The described synthesis in this Example 3 was carried out 

several times, and in some instances, the temperature was 
raised from -20° C. to 30° C. In all cases, the yield (i.e., 
conversion of ketone to hydroxyl) was 85% or greater and the 
product was always greater than 99% O-6-OH-3-MEM-O- 
naloxol. 

Example 4 

Preparation of Substantially Pure 
C-6-OH-3-MEM-O-Naloxol Using Sodium 

Triacetoxyborohydride 

HC-CH=CH 

Her 

Methanol, r.t. 

HC-CH=CH 

To a solution of 3-MEM-O-naloxone base (100 mg 0.24 
mmol, preparation described in U.S. Patent Application Pub 
lication No 2005/013.6031) in anhydrous methanol (10 mL) 
under an inert atmosphere at room temperature, was added 
sodium triacetoxyborohydride (77 mg, 0.36 mmol) and acetic 
acid (15 mg, 0.24 mmol). The solution was stirred at room 
temperature under a nitrogen atmosphere for 5.0 hours; 2N 
HCl methanol solution (0.5 mL) was added slowly and the 
reaction solution was stiffed for another 5 min. The reaction 
mixture was adjusted to PH=8 by addition of sodium carbon 
ate aqueous solution. All solvents were removed under 
reduced pressure and the remaining residue was dissolved in 
CHCl (30 mL). The CHCl, phase was extracted with a 0.1 
N HC1/NaCl water solution (3x30 mL) and the combined 
aqueous extracts were washed with CHCl (1x30 mL). 
Sodium carbonate was added to bring the aqueous solution to 
pH-8. The solution was extracted once again with CHC1. 
(3x30 mL) and the organic extracts were combined, dried 
over anhydrous NaSO, filtered, the solvent removed under 
reduced pressure, and the resulting residue dried overnight in 
vacuo. The product was obtained as a colorless viscous liquid. 
H NMR (CDC1) showed that greater than 99% C-6-OH-3- 
MEM-O-naloxol was obtained in about 80% conversion, noP 
epimer was detected. 
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The described synthesis in this Example 4 was carried out -continued 
several times, and in different solvents such as tetrahydrofu 
ran, ethanol and acetonitrile, and in Some instances, the tem- ch 
perature was raised from -20°C. to 30°C. In all cases, the CH2 
conversion (i.e., conversion of ketone to hydroxyl) was 43%. 5 Na" CH- CH-i-H 
or greater and the product was always greater than 99% 
C-6-OH-3-MEM-O-naloxol. CH 

ch, 
Example 5 10 Sodium Triethylborohydride 

Comparative Study 

Several reducing agents were used to reduce the ketone in 15 
the reaction schematically shown below. 

HC-CH=CH 
2O CH 

N 

=o 
O O 

He- -- | 

Na CH-C-O-B-H 
25 

O 

O 
MEMO O o= 

CH 
30 

Sodium Triacetoxyborohydride 

H2C-CH=CH2 H2C-CH=CH2. 
N N 

35 

( ) H --- ( ) OH 
O O 

MEMO OH MEMO H 40 

C. epimer 3 epimer 

The structures of the reducing agents that were tested is ch-cis- :BH 
45 provided below: CH2 

CH3 
CH Boran-N,N-Diethylaniline 

CH c -CH-CH 50 

Na" CH-CH-CH- -h 
CH-CH-CH 

C | 3 55 

Sodium Tri-sec-butylborohydride 

CH 

CH, CH-CH-CH 60 
-- 

K CH-CH-CH- - CH3 
c -CH-CH (S)-MeCBS 
C 

3 65 

Potassium Tri-sec-butylborohydride Each of the reaction conversion (i.e., conversion from the 
ketone to the hydroxyl); the percentage of C. epimers in the 
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composition; and the percentage of Pepimers in the compo 
sition were determined by proton NMR. C. proton of nalox 
one showed a singlet at 4.67 ppm in CDC1 (TMS as a refer 
ence) for 3-MEM-O-Naloxone, a doublet at 4.61 ppm (J-4.9 
Hz) for C-6-HO-3-MEM-O-Naloxol and a doublet at 4.47 
ppm (J=5.8 Hz) for C-6-HO-3-MEM-O-Naloxol. 

As shown in Table 1, borane diethylaniline and sodium 
borohydride which do not have bulky groups, produced both 
C-6-HO-3-MEM-O-Naloxol B-6-HO-3-MEM-O- 
Naloxol with C. epimer as the major product relative to the B 

and 

epimer. The reaction conversion of sodium borohydride 
(-92%) was much higher than that of borane diethylaniline 
(-29%). The conversion amount, however, was relatively low 
for both reducing agents. Even for sodium borohydride, the 
amount of conversion to the C. epimer was less than 65% on a 
molar basis (about 92% conversion * about 68% C. epimer). 

TABLE 1. 

Stereoselective Reduction of 3-MEM-O-Naloxone by 
Borane and Borohydride 

Reducing Reaction Conversion C. epimer epimer 
Reagent Conditions (%) (%) (%) 

NaBH 1.5 eqv NaBH4, --92% -68% -24% 
methanol, 
-20°C. to 
OOl 

temperature. 
overnight. 

5 
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TABLE 1-continued 

Stereoselective Reduction of 3-MEM-O-Naloxone by 
Borane and Borohydride 

Reducing Reaction Conversion C. epimer epimer 
Reagent Conditions (%) (%) (%) 

Borane 1.5 eqv Borane -29% -22% -7% 
Diethylaniline Diethylaniline, 

THF, 0° C. 
to room 
temperature. 
18 hours 

It was found that all sodium trialkylborohydrides produced 
exclusively C-6-HO-3-MEM-O-Naloxol in almost quantita 
tive yields (within the means of detection), without any 
detectable B epimer. See Table 2. It made no difference that 
the reaction was carried out at -78°C., -20°C. or 0°C., and 
the reaction generally completed in a few hours. Will not 
wishing to be bound by theory, the three bulky groups asso 
ciated with these reducing reagents resulted in steric effects 
Such that the reagent could only approach from a relatively 
open side of the ketone-containing structure, thereby produc 
ing only C. epimer. Further, the electron-donating properties 
of alkyl groups are theorized to make the corresponding boro 
hydride more active, thereby resulting in high yields. The 
sodium trialkyl borohydrides can be easily destroyed by 
water or acetic acid. Sodium trialkylborohydrides appear to 
be preferred in terms of selectivity and reactivity. 

TABLE 2 

Stereoselective Reduction of 3-MEM-O-Naloxone by Sodium Trialkylborohydrides 

Reducing 
Reagent 

Potassium 

Tri-sec 

Potassium 

Tri-sec 

Potassium 

Tri-sec 

Sodium 

Tri-sec 

butylborohydride 

NaBH(Et), 

butylborohydride 

butylborohydride 

butylborohydride 

C. B 

Reaction Reaction Conversion epimer epimer 

Temp. Conditions (%) (%) (%) 

-78°C. to .5 eqv Potassium Tri- --99% 100% O% 

OOl sec-butylborohydride, 

temperature. THF, 1.0 hour. 
-20°C. to .5 eqv Potassium Tri- --99% 100% O% 

OOl sec-butylborohydride, 

temperature. THF, 1.0 hour. 
O C. to .5 eqv Potassium Tri- --99% 100% O% 

OOl sec-butylborohydride, 

temperature. THF, 1.0 hour. 
-20°C. to .5 eqv Sodium Tri- --99% 100% O% 

OOl sec-butylborohydride, 

temperature. THF, 1.0 hour. 
O C. to .5 eqv NaBH(Et), --99% 100% O% 

OOl THF, 5.0 hours. 

temperature. 
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Sodium triacetoxyborohydride was a mild stereoselective 
reducing agent. It was solid and much less sensitive to mois 
ture and air than sodium trialkylborohydride. The reduction 
results by sodium triacetoxyborohydride in different solvents 
and reaction conditions are listed in Table 3. 

Except the reduction in THF in which ~1% B epimer was 
found, all other reductions using sodium triacetoxyborohy 
dride gave 100% C-6-HO-3-MEM-O-Naloxol without any 
detectable f3 epimer. Again, while not wishing to be bound by 
theory, it is believed that the three acetoxy groups of sodium 
triacetoxyborohydride are bulky enough to force borohydride 
to selectively attack the ketone group. However, the reaction 
conversions were not ideal and influenced by solvents in the 
order of methanol DTHF >acetonitrile. As seen in the third 
row of Table 3, irradiation did not appear to improve the 
percent of conversion. 

TABLE 3 

10 

15 

32 
wherein the morphinone has the following structure 

CH-CH=CH2. 

OH 

R-O 

Stereoselective Reduction of 3-MEM-O-Naloxone by Sodium Triacetoxyborohydride 

Conversion 
(%) 

Reducing Reaction 
Reagent (%) 

NaBH(OAc). .5 eqv NaBH(OAc), 
eqv HOAc, room 

emperature. 5.0 hours. 
.5 eqv NaBH(OAc), 

-20°C. to room 
emperatuer 4.0 hours. 
.5 eqv NaBH(OAc), 
eqv HOAc, 

microwave 60°C., 15 
minutes. 
.5 eqv NaBH(OAc), 

5 eqv HOAc, room 
emperature. 6.0 hours. 

--80% 

NaBH(OAc). THF -60% 

NaBH(OAc). Ethanol 43% 

NaBH(OAc). 47% 

The reduction of 3-MEM-O-Naloxone was also tested by 
using enantioselective catalyst (S)-MeCBS and sodium tri 
ethylborohydride in the presence of a borane source. See 
Table 4. Neither reaction gave the desired results. Proton 
NMR showed that some side products were formed when 
borane/NaBH(Et), was used. See second row of Table 4. 

TABLE 4 

Catalytic Stereoselective Reduction of 3-MEM-O-Naloxone 

Conver- C. B 

Reductive Reaction sion epimer epimer 

Reagent Conditions (%) (%) (%) 

Borane 1.5 eqv Borane -62% 4.3% .19% 
Diethylaniline Diethylaniline, 5% (S)- 
and MeCBS THF, room 
(S)-MeCBS temperature. 18 hours 
Borane THF 1.0 eqv Borane THF, 10% O O O 

and NaBH(Et), THF, room 
NaBH(Et) temperature. 5 hours 

What is claimed is: 

1. A synthetic method comprising: 
stereoselectively reducing a ketone of a morphinone to 
form a reduced morphinone by contacting the morphi 
none with a stereoselective reducing agent, 

C. epimer 

100% 

--99% 

100% 

100% 

35 

40 

45 

50 

55 

60 

65 

3 epimer 
(%) 

wherein: 
R" is H or a hydroxyl protecting group; 

wherein the stereoselective reducing agent is a single agent 
or combination of agents selected from the group con 
sisting of lithium triethylborohydride, sodium triethyl 
borohydride, potassium triethylborohydride, sodium tri 
acetoxyborohydride, potassium triacetoxyborohydride, 
lithium tri-sec-butylborohydride, sodium tri-sec-butyl 
borohydrid, potassium tri-sec-butylborohydride, 
lithium 9-borabicyclo[3.3.1-nonane hydride, lithium 
hexylborohydride, lithium trisiamylborohydride, 
lithium triethylborodeuteride, and LiAlH(CetCMe): 
and 

wherein the molaramount of the reduced morphinone in an 
C. epimer form is at least 65% of the molar amount of 
morphinone contacted with the Stereoselective reducing 
agent; and 

covalently attaching a water-soluble polymer to the 
reduced morphinone. 

2. The method of claim 1, wherein R' is H. 
3. The method of claim 1, wherein R' is a hydroxyl pro 

tecting group selected from the group consisting of alkanoyl 
having 2 to 5 carbons: aryloyl having 7 to 11 carbons, benzyl, 
1-ethoxyethyl, methoxymethyl, 4-methoxyphenylmethyl, 
methoxyethoxymethyl (MEM), 1-ethoxyethyl, benzy 
loxymethyl, (B-trimethylsilylethoxy)methyl, tetrahydropyra 
nyl, 2.2.2.-trichloroethoxycarbonyl, t-butyl (diphenyl)silyl, 
trialkylsilyl, trichloromethoxycarbonyl and 2.2.2-trichloroet 
hoxymethyl. 

4. The method of claim3, wherein R' is MEM. 
5. The method of claim 1, wherein at least 90% of the molar 

amount of morphinone contacted with the stereoselective 



US 8,183,376 B2 
33 

reducing agent forms the reduced morphinone having the 
following structure: 

CH-CH=CH2. 

wherein R' is H or a hydroxyl protecting group. 
6. The method of claim 5, wherein R' is H. 
7. The method of claim 5, wherein R' is a hydroxyl pro 

tecting group selected from alkanoyl having 2 to 5 carbons; 
aryloyl having 7 to 11 carbons, benzyl, 1-ethoxyethyl, meth 
oxymethyl, 4-methoxyphenylmethyl, methoxyethoxymethyl 
(“MEM), 1-ethoxyethyl, benzyloxymethyl, (B-trimethylsi 
lylethoxy)methyl, tetrahydropyranyl. 2.2.2,-trichloroethoxy 
carbonyl, t-butyl (diphenyl)silyl, trialkylsilyl, trichlo 
romethoxycarbonyl and 2.2.2-trichloroethoxymethyl. 

8. The method of claim 7, wherein R' is MEM. 
9. The method of claim 5, wherein the step of covalently 

attachinga water-soluble polymer to the reduced morphinone 
is effected by causing the reduced morphinone to be reacted 
with a halogen-terminated, water-soluble polymer. 

10. The method of claim 9, wherein the halogen-termi 
nated, water-soluble polymer has the following structure: 

CHO-(CH2CH2O), CH2CH2-halo 

wherein: Subscript n' is an integer from 1 to 14; and halo is 
Selected from the group consisting of fluoro, bromo, 
chloro and iodo. 

11. The method of claim 10, wherein subscript n' is an 
integer from 2 to 9, and halo is bromo. 

12. The method of claim 1, wherein the stereoselective 
reducing agent is sodium triethylborohydride, Sodium tri-sec 
butylborohydride or potassium tri-sec-butylborohydride. 
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13. The method of claim 1, wherein the reduction is per 

formed at a reaction temperature from about -50° C. to about 
200 C. 

14. The method of claim 1, wherein the reduction is per 
formed in a solvent chosen from toluene, methylt-butyl ether, 
tetrahydrofuran, hexane, cyclohexane, diethylether, and 
2-methyl tetrahydrofuran or a combination thereof. 

15. The method of claim 1, wherein the water-soluble 
polymer is a methoxy-polyethylene glycol (“methoxy-PEG') 
polymer. 

16. The method of claim 5, wherein at least 99% of the 
molar amount of morphinone contacted with the Stereoselec 
tive reducing agent forms the reduced morphinone having the 
following structure: 

CH-CH=CH2. 

R-O 

wherein R' is H or a hydroxyl protecting group. 
17. The method of claim 15, wherein the water-soluble 

polymer is covalently attached to the reduced morphinone by 
contacting the reduced morphinone with water-soluble poly 
merhaving a Sulfonate-based leaving group selected from the 
group consisting of mesylate, tosylate and tresylate. 

18. The method of claim 16, wherein the sulphonate-based 
leaving group is mesylate. 

19. The method of claim 16, wherein the sulphonate-based 
leaving group is tosylate. 
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